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ABSTRACT 
Land use class d e f i n i t i o n s  t h a t  can be opera t iona l ly  employed with 
ERTS-1 imagery are being; developed.with t h e  cooperation of personnel 
from s e v e r a l  s tate,  regional ,  and f e d e r a l  agencies with land management 
r e s p o n s i b i l i t i e s  wi th in  t h e  state and t h e  University of Minnesota. In- 
ves t iga t ions  of urban, e x t r a c t i v e ,  f o r e s t ,  and wetlands areas  i n d i c a t e  
t h a t  it is f e a s i b l e  t o  subdivide each of these classes i n t o  s e v e r a l  sub- 
classes with t h e  use of ERTS-1 images from one o r  more time periods.  
INTRODUCTION 
A s p a t e  of recent  and pending s ta te  l e g i s l a t i o n  has  broadened and 
w i l l  g r e a t l y  expand the powers of various s t a t e  and l o c a l  government 
agencies i n  the  f i e l d  of land use management i n  Minnesota. Land manage- 
ment agencies,  charged with pol icy development and implementation, w i l l  
r equi re  current  land use da ta  c l a s s i f i e d  i n  a way t h a t  allows them t o  be 
employed i n  day t o  day operations.  Cooperative e f f o r t s  involving person- 
n e l  from t h e  State Planning Agency (SPA), s e v e r a l  departments a t  t h e  Uni- 
v e r e i t y  of ~ n n ~ e o t a ,  nd state and federa l  agenciee with land managem@nt 
claseee of land use information f o r  incorporat ion i n t o  t h e  Minnesota Land 
Management Information System (MLMIS) . The syetem cur ren t ly  containe a 
ninefold land we c l a s s i f i c a t i o n  f o r  t h e  near ly  1,400,000 forty-acre da ta  
cells i n  t h e  state,  These da ta  are now four t o  f i v e  years  o l d  and w i l l  
r equi re  cont inual  updating, Furthermore, t h e  c lasses  are general  and do 
not  f u l l y  s a t i s f y  the  land management agencies’ needs f o r  d e t a i l e d  land 
use information, 
s p o n s i b i l i t i ~ ~  wi th in  t h e  state a r e  aimed a t  def ining appropriate  
ERTS-1 imagery is being examined as a broad-scale, seasonal ly  repeated 
d a t a  c o l l e c t i o n  system in order  t o  determine t h e  s u i t a b i l i t y  of t h i s  kind 
of imaging 
The quest ions we a r e  s p e c i f i c a l l y  asking are:  
schemes are most usefu l  t o  da ta  users  and how can they b e  met with ERTS 
syetem f o r  so lv ing  some of t h e  land use d a t a  needs of t h e  state. 
1) What c l a s s i f i c a t i o n  
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type data? 
mation fo r  these various classes of land use? 
mapping uni t  o r  da ta  cell  s i z e  f o r  mapping land use from ERTS? 
methods of in te rpre ta t ion ,  spec t r a l  band(s), and data  processing w i l l  
ex t rac t  the maximum information from the ERTS-1 system? 
2) What are the  appropriate t i m e s  of year t o  co l l ec t  infor- 
4) What 
3) What is the  appropriate 
Cooperative involvement of data  users is the key t o  developing a 
successful c l a s s i f i ca t ion  scheme. 
cation includes forested,  urban r e s iden t i a l ,  urban non-residential o r  
mixed res ident ia l ,  cul t ivated,  pasture o r  open, t ransportat ion,  water, 
marsh, and extract ive,  The user agencies, almost exclusively,  require 
more d e t a i l  within one of these broad classes of land use. Once classes 
are establ ished,  the s u i t a b i l i t y  of ERTS-1 fo r  providing appropriate da ta  
can be determined. Timing, cell  size, appropriate spec t r a l  bands, and 
data  processing procedures can then be determined. 
The present MLMIS land use c l a s s i f i -  
This paper w i l l  focus on four broad areas of land use: urban, ex- 
tractive, forested,  and wetlands. 
mes within these categories personnel from the State Planning Agency, the  
State Department of Natural Resources, the  Metropolitan Council, the  Na- 
t i ona l  Forest Service, the USDI Bureau of Sport Fisher ies  and Wildl i fe ,  
County Land Commissioners, the Department of I ron  Range Resources and Re- 
hab i l i t a t ion ,  p r iva te  fo re s t  management firma, and the S o i l  Conservation 
Service are cooperating i n  the development and evaluation of land use 
c lasses .  
and tha t  information needs of individual data  users are not always w e l l  
defined, 
together t o  b e t t e r  define and make more compatible, t h e i r  information needs. 
To achieve optimum c la s s i f i ca t ion  sche- 
It is already evident t ha t  needs of data  users vary grea t ly ,  
This project  is bringing the land and resource management people 
INTERPRETATION 
PROCEDURES. Test areas fo r  each broad c l a s s  of land use were selected on 
the bas i s  of the qua l i ty  of ERTS-1 imagery received t o  da t e  (Fig. 1). 
terpre ta t ion  procedures f o r  the work reported here  are largely based on 
the use of bulk MSS 70 mm pos i t ive  transparencies.  
j ec ted  for  i n t e rp re t a t ion  of individual bands o r  color combined i n  the  Ins- 
t i t u t e  of Agriculture Remote Sensing Laboratory's I2S Mini-Addcol color  
combiner. These color combined scenes are then photographed and projected 
fo r  in te rpre ta t ion  a t  scales ranging from 1:30,000 t o  1:250,000. 
bulk pos i t ive  and negative transparencies of these ground scenes have been 
obtained on retrospect ive requests,  and are now being analyzed by density 
l eve l  s l i c ing  with an In te rpre ta t ion  Systems VP-8 image analyzer. 
In- 
These are e i the r  pro- 
Nine-inch 
Ground t r u t h  t o  support these invest igat ions is based on f i e l d  inves- 
t iga t ions  and a var ie ty  of aerial photography provided by the S ta t e  Plan- 
ning Agency, the College of Forestry,  and NASA. Preliminary interpreta-  
t i on  r e su l t s  based on these materials w i l l  be discussed individually f o r  
the four broad classes of land use. 
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URBAN. I n  MLMIS, urban land is  divided i n t o  two classes--urban res ident ia l  
and urban non-residential o r  mixed res ident ia l .  
detection ( f ive  dwellings o r  one commercial s t ruc tu re  per forty-acre cell), 
although su i t ab le  f o r  in te rpre ta t ion  from high a l t i t u d e  photography, is 
nei ther  operable from high qual i ty  ERTS-1 MSS images 
a useful  data  set fo r  metropolitan Twin C i t i e s  land use analysis and plan- 
ning. 
land use c l a s s i f i ca t ion  designed t o  maximize compatibility with the  land 
use system developed by the Metropolitan Council. 
raging fo r  the development of a much more useable and detai led data  base. 
Figure 2 shows examples of the c l a s s i f i ca t ion  scheme on color combined 
The very low threshold of 
nor does i t  produce 
The scheme being tes ted  f o r  use with ERTS imagery is a more de ta i led  
Results are very encou- 
MSS bands 5, and 7 of October 6, 1972 ERTS coverage of the Twin Cities. 
This date  of coverage has the maximum contrast  of the  four periods of cov- 
erage received t o  date. 
seems t o  be about twenty dwellings per fo r ty  acres. 
"he threshold of detection of res ident ia l  land 
EXTRACTIVE. 
t o  develop a c l a s s i f i ca t ion  scheme fo r  extract ive industr ies .  
of t h i s  area is shown i n  Figure 3. In te rpre ta t ion  of July 6, 1972 NASA 
underf l i g h t s  provides the bas i s  f o r  comparison with ERTS-1 images and 
ground t ru th  is supported by published maps of mining features .  Bands 4, 
5, and 7 are projected individually f o r  in te rpre ta t ion  and c l a s s i f i ca t ion  
of extract ive features i n t o  t a i l i ngs  ERTS-1 imagery com- 
pares very favorably with the 1:120,000 scale photography i n  terms of area 
measurements; however, accuracy is d i r ec t ly  re la ted  t o  s ize .  Class assign- 
ment w a s  d i f f i c u l t  f o r  shallow p i t s  and low t a i l i n g s  p i l e s  from the Septem- 
ber  18, 1972 images. However, January 4, 1973 images (Band 7) provide 
su f f i c i en t  snow enhancement of shadows a t  low sun angles t o  allow sepera- 
t ion  of pos i t ive  and negative mine features.  
A 288 square m i l e  test area i n  the Mesabi Range w a s  selected 
A portion 
and mine p i t s .  
Age of abandoned p i t s  and t a i l i n g s  is a l so  a f ac to r  affect ing the  
ease of detection. Some features  not readily ident i f ied  as old t a i l i ngs  
p i l e s  on individual bands are detectable  on color combined images (Fig. 3). 
Older, water-fi l led p i t s  and ac t ive  t a i l i ngs  ponds can a l so  be  ident i f ied.  
Furthermore, gravel quarr ies  i n  the test area show up only on Band 5 and 
are thus separable from the  i ron  extract ion f a c i l i t i e s .  
FORESTED. The d ivers i ty  and importance of fores t s  i n  Minnesota has dic- 
t a t ed  the use of several  test sites. August 12 ,  1972 color combined im- 
ages o f  t he  Superior National Forest allow the separation of conifers 
and hardwoods (Fig. 4). Also evident are the logging pat terns  and wild- 
f i r e  burn. 
color combined image of the Chippewa National Forest area (Fig. 7). 
Conifer-hardwood d is t inc t ions  are eas i ly  made and i n  some areas lowland 
conifers can be separated from upland conifers.  
Better color contrasts  are obtained on the October 7, 1972 
The optimal color combinations f o r  enhancing fo res t  c l a s s i f i ca t ion  
and in te rpre ta t ion  is with a green f i l t e r  with Band 5 and a red f i l t e r  
993 
Figure 2. 
Metropolitan Area. Letters denote classes 
of urban use: A=Commercial Core; B=Indus- 
trial Core; C-Commercial/Industrial Strip; 
D=Multiple Dwellings; F=Older, Single Family 
Dwellings; G=Newer, Single Family Dwellings; 
H=Recreational/Open Space; I=Transportation; 
J=Water. 
Color combined image, Twin Cities 
Figure 1. Location of 
Figures 2 through 8. 
Figure 3. Color combined image, Mesabi Range. 
Letters represent extractive land use classes. 
A=Tailing Ponds; B=Deep Open Pit Mines (Iron 
Ore); L=Shallow Open Pit Mines (Taconite); K= 
Tailings Piles or Stripping; F=Hoyt Lakes (pops 
ulation 3 , 6 3 4 ) ;  GEReservoir; H=Aurora (popula- 
tion 2,531) ; I-Water filled, abandoned Iron 
Ore Pits ; J=Old Tailings Piles. 
Figure 4 .  Color combined 
image, Superior National 
Forest. Letters denote 
-forest types : AEConifer; 
B=Conifer/Conifer-Hardwood; 
C,D,F,G, & H=Logged areas; 
I=Conifers in logged area. 
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Figure 7. Colpr combined image of the  
Chippewa National Forest .  The letters 
i n d i c a t e  land use classes and f o r e s t  
types : A-Open/Pasture/Crops ; B=Grand 
Rapids; C=Up&and Conifers;  D=Conifers- 
Bar dwoods ; FtHardwoods -Open/Pas t u r e  / 
Crops ; @Lowland Conifers; H=Upland 
Hardwoods, with a narrow band of coni- 
Figqre 6 .  Color com- 
bined image of S.E. 
Minnesota. A and B 
are the same areas as 
on Figure 5. 
Figure 5. An image of band 7 €or  t h e  area 
shown i n  Figure 6 which has been densi ty  
s l i c e d  t o  emphasize f o r e s t s  : 
duous Forests  ; b=River Bot tom Deciduous 
Forest .  
a=Upland Deci- 
Figure 8. Color combined image 
of t h e  Big B o g  area of Northern 
Minnesota. A,B,K and L show d i f -  
f e r e n t  wetland types i n  a pat tern-  
ed bog area. F shows a similar 
bog t h a t  is not  del ineated but  
contains  all of t h e  fea tures  of 
A,B,K,  and L,  A=Raised Bog; B= 
S t r i n g  B o g  and Patterned Fen; 
K=Poor Swamp Forest ;  L=Cedar o r  
f e r  and conifer-hardwood, Larch S t r i n g  Bog and Fen. 
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with Band 6 o r  7. 
types can be iden t i f i ed , fo r  p lo t s  as s m a l l  as 5-10 acres. Further 
work holds some promise fo r  the development of two density classes. 
The type, density,  and si te charac te r i s t ics  being developed are being 
evaluated by fores t  land managers f o r  use i n  the f i e l d  and of f ice .  
Where tonal contrasts  are high, fo re s t  vegetation 
Southeastern Minnesota hardwood fores t s  are sca t te red  along deeply 
entrenched dendr i t ic  drainage systems (Fig. 5, 6). 
is being tes ted  as a means f o r  separating and inventorying these very 
irregularly-shaped hardwood stands. With some ground t ru th  i n  hand 
i t  seems feas ib le  t o  separate these densely forested areas from the 
scat tered trees o r  non-forested areas using Band 7 of the  August 12 ,  
1972 coverage. 
Density l eve l  s l i c ing  
WETLANDS. Minnesota has extensive areas of wetlands tha t  are important 
fo r  water storage and wi ld l i f e  habi ta t .  The wide var ia t ions i n  s i z e ,  
i n  permanence, and i n  locat ion ( re la t ive  t o  the major ecotones i n  the 
state) multiply the dimensions of the c lass i f ica t ion  and data  col lect ion 
problems. S m a l l  seasonal 'wetlands which are of par t icu lar  importance 
t o  waterfowl habi ta t  management cannot be observed u n t i l  spring. Lack 
o f  cloud f r ee  summer coverage also prevents analysis of la rge  southern 
perennial wetlands u n t i l  spring. 
Agassiz p la in  does allow analysis of patterned bogs i n  Minnesota's 
most extensive wetlands area. This area can be subdivided i n t o  several  
wetland types tha t  are based on vegetationfpeatland re la t ions .  Two 
patterned bogs that  are representative of the  big bog landscape are 
shown i n  Figure 8. The patterned bog features which occupy much of 
t h i s  part  of the state are surrounded by fo re s t  lands. 
shown here a l so  includes the lowland/coniferous fo re s t s  category. 
Results of in te rpre ta t ion  of several  of these patterned bog areas 
compares very favorably with highly detai led ground t ru th  based on 
in-depth ecological s tudies .  
F a l l  coverage of the Glacial  Lake 
The c lass i f ica t ion  
CONCLUSIONS AND FURTHER WORK 
The potent ia l  of ERTS-1 as a too l  f o r  mapping land use information 
on a: state wide basis  is beyond the  expectations of those persons 
involved. 
combined images and projected 70mm bul,k images is the simplest and most 
f r u i t f u l  data extract ion technique attempted t o  date. 
ERTS images a t  appropriate season(s), these techniques can y i e ld  much 
more detai led land use information than now exists f o r  a state tha t  
stands as a leader i n  the  f i e l d  of land management information. 
In te rpre ta t ion  of inhouse produced 2" x 2" s l i des  of color 
Using high qual i ty  
Within the last three weeks the  groups working dai ly  with imagery 
have observed almost an exponential growth of applications and poten t ia l s  
fo r  ERTS-1 data. There is considerable value i n  the use of multiple 
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season data  t o  increase the accuracy and d e t a i l  of land use c l a s s i f i -  
cat ion and fur ther  t o  ident i fy  those features  whose presence i n  the  
landscape is  t rans ien t  i n  t i m e .  
We have begun t o  monitor the  cu l t iva t ion  of land i n  a four town- 
sh ip  area because the  iden t i f i ca t ion  of cul t ivated land from a s ing le  
la te  summer image is  v i r t u a l l y  impossible. While t h i s  in te rpre ta t ion  
e f f o r t  i s  t i m e  consuming it  may have added begef i t s  i n  the u t i l i t y  of 
the  information. 
vated land according t o  season; thus,  making i t  possible  fo r  game 
managers t o  know the hab i t a t  conditions a t  any c r i t i c a l  season. 
these data  w i l l  allow analysis of sediment avai labi lPty and erosion 
poten t ia l  by drainage basin by time period. 
Cities ind ica te  tha t  with some t ra in ing  and ground t ru th  i t  w i l l  b e  
possible  t o  make a map of impermeable surfaces from ERTS which can 
be  coupled with storm sewer data  to  produce models f o r  urban run-off 
management. Trained personnel are now achieving 90 percent o r  b e t t e r  
accuracy of manual in te rpre ta t ion  on t ra in ing  sets i n  the Twin Cities 
area. 
For example i t  w i l l  allow c la s s i f i ca t ion  of c u l t i -  
Further, 
Preliminary s tudies  on density of a r t i f i c a l  surfaces of the  Twin 
Snow enhancement has a l so  been of value i n  fo re s t ,  cu l t iva ted ,  
and ex t rac t ive  land use c lass i f ica t ion .  It a l so  provides a b e t t e r  
bas i s  fo r  mapping urban housing dens i t ies  and r u r a l  population d i s t r i -  
butions. 
Results obtained thus f a r  a r e  very encouraging. The t rade off  
between sxtent  of coverage and d e t a i l  i s  not as l imi t ing  as it  or ig ina l ly  
appeared and r epe t i t i ve  coverage provides compensation. I n  summary, both 
cu l tu ra l  and vegetative landscape features  have been c l a s s i f i ed  and 
mapped from f a l l  ERTS imagery. 
ex t rac t ive  land use t o  four. Six t o  twelve classes  of fo re s t  vegetation 
can be ident i f ied ,  as w e l l  as f i v e  classes of northern wetlands. 
Urban land use reduces to  nine classes;  
IMAGE IDENTIFICATION 
Figure 
2 
3 
4 
5 
6 
7 
8 
Image Type Date - I. D. - 
Color Combined 6 O c t .  72 1075-16321 
Color Combined 18 Sept. 72 1057-16311 
Color Combined 12 Aug. 72 1020-16252 
Density Sl iced 12 Aug. 72 1020-16252 
Color Combined 12 Aug. 72 1020-16270 
Color Combined 7 Oct. 72 1076-16370 
Color Combined 2 Sept. 72 1041-16421 
Band -
597 
597 
5,7 
597 
596 
597 
7 
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